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The research being carried out on boundary layers exci
localised point disturbances 1s intended to provide fresn
the complex non-linear processes that occur prior to brezrizown.
Initially only pulsed disturbances were being considered, but recent:
more general forms of excitaticn have also been treated - fure tones,
white nolise &and a superposition of tones and noise. "Natural”
transition is initiated by the background turbulence and acoustizc fields
present in the flow. Unstable Tollmien-Schlichting waves are generated,
and these eventually amplify sufficiently to froduce a variety of

1 r interactions. The dominant non-linear features that arise
are degendent on the spectrum of the wavetrain, and hence on that of tne
excitaticn provided by the environment. Observations for a range of

controlled disturbances of different spectral content provide a number

¢. different phencwmena, although 1t is thought that these apparently
diverse behaviour patterns are in some sense linked together. The
non-linear evolution of a wavetrain can be considered to be defined in
terms of a complex non-linear transfer function linking the input
excitation to the velocity observed at some downstream lccaticon. It is
therefore expected that information collected for different excitations
can eventually be interpreted in terms of a single evolution equation.

In parallel with the experimental work it 1s also essential to
investigate theoretical aspects of the problem. Although quite general
formulations are probably needed to satisfy the above requirements,
present erforts are directed to the souwewhat limited goal of obtaining a

mode. of the evolutinn equation describing a three-dimensional wave

—




Excerimental werk
(1) Tre first part of tne programze 1s concerned with the rulsed
excitaticon that generates isclated wave packets. Freviously a
set <f data nad been acguired a. oniy one excitaticn level

ramely <ne large encugh L0 genarate wave packels that ocntalned

well~-defined flow oatterns. The crserved warring of the wave
crests nave already positively Leen chown ©D be a4 rnon-ilinear
effect, alteit at a surpricingly N ampliivada tevel .
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distorticons and breakdown phaces of thic process has alreaiy been

acguired, This material invclves a deal of gproceccing for
cranical display and this phase 1is, ac yet, incomplete. Tre

’
present =1{0ores ON wdve packets 1nvolve recording lLne 2hanges in

the evclution pattern with ex~itation amplitude. Contrel ot fzoeh

tne =nsembled averaged reccra stored on floppy disc. it is
intended to process thic data on tne NML PLP 11/44
necessary prcgrams “or transferring the data via magne

and for analysis and graphical display are

(ii) More recently the wedged-shaped wavetrains generatl

ng point source has been re-examined. It 1
t

\
9]
(9]
-
—
o
[\S)
(ad
-

at a

|
Q
£
o3
L
ct

large amplitudes the smootn and regular
of the wavetrain is gradually lost as the wave gropasg
decwnstream. The hot-wire signals become unsteady and
zontain random usodulations of both amplitude and phase.
spectral analysis of these reccords contain a

troad-band component as well as the spectral lines

with tne fundamental and its harmonics. Analysis of a number of
spectra obtained at differert distances from the source, at
different excitation levels and frequencies, have indicated that.
the Dbroad-band element arises from freestream background

turbulence that is amplified in the presence of the pure..,.

excitation tone, This i’ not 2 pacticzulariy new phenomena as far 1v Codas

. . . . . . Sl ’3!‘.
as the Dbehaviour of non-linear differential equotions is i/

concerned  put 90 far  this effect dneg not seem tn have heen l "
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(ii)

(11)

excitation by the superposition of a pure tone and cartrolled
psuedo-noise give an even clearer demonstration of this
behaviour. This aspect of experimental work is being prepared

for publication.
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Prcgiress towards a theoretical model of a wave packet 1= being
made. It is 1intended to develop a non-linear mcdel of a
three~dimensional packet evclving in a greowing toundary lay..
So far only the linear problem has ‘bteen treatez. The
two-dimensional example (publication 2) can readily b2 zxtended
to the three-dimensional situation., An 1terative apgroac- t- the
weakly non-linear egquation is bteing attecpted, but it will (are
some time before 1t 1is clear whether this method will yleld o

solution.

In view of the renewed interest in the flows «eneratez Lv zan

oscillating point source, (work is in progress at 11T, {Cnicagn)

+

and in tne USSRK) linear solutions ¢f this protler ars U

(4]

ing

t

attempted. Some calculations for the parallel flow approximaticn

have already been carried out.

Fstimates of the Errors Incu R in Various Asvoptotic
N
epr esentations of wWave-Packets.

. Gaster - Accepted for Publication in J. Fluid Mechanics.

The Evolution of Two-dimensional Wave Packetsz in a JSrowing
Boundary Layer.

M. Gaster - Accepted for Publication in Proc. Roy. Soc. 4.
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Meetings

The principal investigateor (M Gaster) spent some 3ix weeks
{May-June) at the University of Tel Aviv workinz with FPrcfessor
wygnanski and his group. This was made possible by additiornal suppert
fer traver and sutsistence provided by the US Airforce thrcugn tne
Jniversity of Tel Aviv. During this visit inastability theory for weakly
nen-parallel flow was appiied to the prediction of the large rozle

structures that develop in a periodically forced ‘turtulant ~ixing

layer, 4 joint paper {(with E Kit and I Wygnanski) cormparing “hece

rrefictions with ceasurements is being prepared for submission *o tne
Journal of Fluid Mechanics.

ended the XV Symposium on Advanced FProblemz 2na

«r

pr Gaster at

Yethods in Fluid Mechanics in Poland, September 6-12.

1t was alsc made to the United Scates, 1st KNovemnber to 2

L)

(i Wwasnington (DC) visited:
(a) AFOSR - Capt. M Francis for discussion of researcn on
transiticon and turbulent spots.
(b) ONR - Dr R Whitenead to talk about a pos<ible future Joint

-

prcposal with AUWE on comriiant coatings in water.

(ii) Coer D'Alene (Idaho)
To visit DUr Randles (AUWE), and to observe commissicning trials

of a new vehicle undergoing "pop-ups".

(iii) Seattle (Wasrington) visited:
(a) "Flow Industries" to discuss their research on turbulent
spots, computations of wave packets and recent effcrts on
compliant coatings.
(b) University of Washington to discuss work on the initial

value probiam with Professors W O Criminale and J Kevorkin.
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iv)

(v)

(vi)

(vii)

LcSs Angeles - made visits to:
(a) University of Southern California to have discussicns with
Professors Laufer, Kiaplan, Broward, Blackwelder, Redeccp and Ho
on current work on instabilities and large scale c¢oherent
structures.

(b) California Institute of Technology to see the work on heated
bodies 1in water. (The thermal effects on the boundary laver
increase the critizal Feynolds number.) (Frofessors H & Lin

and D Colcls).
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soratory to  talk to Dr L

W
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c Jet Fropulsion L
lit

stability problems. He is using the auther's seriec metned for

computing eigenvalues fcr the btoundary laver rprotien cf
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disturbtance following the technique of paper

Tucscen (Arizona)

Visited University of Arizcna to have discussians with
Frofessor Wwygnanski on the large scale structures in mixing
lavyers in order to prepare a paper for the A,P.S gesting in

Monterey. A seminar was also presented.

Palo Alto (Zalifornia)
Attended a meeting at Stanford University cn c¢oherent structures
in axi-symmetric jets. The meeting was supported bty AFOSR and

oreganls

D

d by Prcfessor Nagib (Illinois Institute of Technology).

Monterey (California)

Attended the American Fhysical Society meeting.

Joint autnor of two papers:

(a) "The Feedback Mechanism of a Free Jet Measured by laser

Doppler Anemometry".

S. Einav, J. Avidor, E. Gutmark and M. Gaster.

(b) "On the Spectral Growth of Disturbances in a Slowly
iverging Turbulent Mixing Layer".

M. Gaster, E. Kit and 1. Wygnanski.
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